VAS, visual analogue scale; TOT, transobturator tape; TVT, tension-free vaginal tape; TAPF, tendinous arch of the pelvic fascia; SUI, stress urinary incontinence; QoL, quality of life;
Introduction
Anterior genital prolapse or cystocele is a relaxation in the anterior vaginal wall, as described by De Lancey and Richardson [1] . Central and lateral cystoceles are distinguished according to the anatomical mechanism of connective tissue damage [2] . Lateral cystoceles are secondary to damage of the vaginal hammock fasteners to the pelvic wall at the level of the tendinous arch of the pelvic fascia (TAPF), whereas central cystoceles are secondary to the loss of support in the midline by Halban's fascia [3] . The repair of anterior genital prolapse, whether or not associated with stress urinary incontinence (SUI), remains the weak point of vaginal surgery, with recurrence rates of 30-50% depending on the technical methods and reporting authors [4] .
Formerly managed by simple subvesical plication or anterior colporrhaphy, more than a third of cystoceles recur. Indeed, the traditional colporrhaphy only corrects the central defects, and furthermore, adds a suture under tension to the poor quality of native tissues. These disadvantages have led to the development of more reliable and durable surgical techniques, resulting in the use of various types of mesh in vaginal prolapse surgery. These materials act as a frame, guiding the development of stronger supporting tissue [5, 6] . Lightweight macroporous polypropylene meshes are currently the reference material, and are marketed in the form of sheets or precut kits.
The objective of the present study was to evaluate the long-term safety and efficacy of cystocele treatment using a transobturator four-arm polypropylene mesh.
Patients and methods
In a prospective study at the authors' institution patients who had a clinical diagnosis of cystocele and who underwent prosthetic surgery using a transobturator four-arm mesh were enrolled between 1 January 2004 and 31 December 2008. Informed consent was obtained from all patients and approval was obtained from the Ethics Committee of the hospital before the first surgical procedure.
All patients were questioned about their gynaecological, obstetric, surgical and pelvi-perineal history. The clinical examination aimed to reproduce the maximum degree of the anatomic prolapse, comprising a static part (gaping vulva, spontaneous exteriorisation of organs), and a dynamic part (externalisation during the Valsalva manoeuvre, or examination of SUI by coughing). Perineal testing and evaluation of the anal sphincter were systematic. Bonney or Ulmsten manoeuvres completed the examination if there was SUI.
Patients were included if they were aged >50 years; had a cystocele of Pgrade II according to the classification of Baden and Walker [7] , either isolated or associated with prolapse of the other stages, either initial or recurrent; functional discomfort warranting surgery; and the consent of the patient.
Patients were excluded if they had a medical contraindication against the intervention, a urinary or genital recurrent infection, a history of pelvic irradiation or of malignant neoplasm of the lower urinary tract, longterm corticosteroid therapy or other immune deficiency, adnexal mass, neurological disorder affecting the stability of the bladder (multiple sclerosis, spinal cord injury), or an indication for laparotomy for other causes.
Procedure
Before surgery a urine sample was cultured, the pelvic area shaved and a cleansing enema given in all patients. We used the SurgimeshÒ prolapse kit (Aspide Medical, France) containing a macroporous monofilament polypropylene mesh of density 27.5 g/m 2 , and a set of transobturator tape (TOT) coil-type needles. The mesh is formed by a central portion shaped as a square of 5 cm 2 and four lateral arms of 12 cm each. The width of these arms is reduced gradually to reach 5 mm at the ends (Fig. 1 ).
Technique
Spinal anaesthesia was preferred to general anaesthesia. Intravenous antibiotic prophylaxis (2 g cefazolin or amoxicillin/clavulanate) was routinely administered. The patient is placed in the dorsal lithotomy position, the buttocks slightly overlapping the table, and the thighs and legs in flexion. A large disinfection with povidone-iodine (or other non-iodised antiseptic in case of allergy) was used, and a permanent urinary catheter was placed (Fig. 2) .
The anterior vaginal wall is exposed by traction on the cervix or on the vaginal cuff if there was a previous hysterectomy. The procedure began with infiltration of the vaginal wall with a solution of lidocaine 1% with adrenaline to help with the dissection plane and reduce bleeding. A vertical midline incision of the anterior vaginal wall is made from 2 cm below the urethral meatus to the cervix (or vaginal cuff if there was a previous hysterectomy). In cases of associated hysterectomy, a median colpotomy connected in a T-shape to the transverse colpotomy of the hysterectomy is then made. Apically and in the midline, the bladder is dissected all the way up and off the cuff of the vagina or the cervix if the uterus was in place. This dissection should repulse the bladder gradually. The fascia of Halban is held against the vaginal wall, leaving sufficiently thick tissue to cover the mesh after colporrhaphy. Laterally, the dissection is continued as far as possible, reaching the TAPF. This permits a large central and lateral exposure of the cystocele. In the space thus released, the implant is inserted between the vagina and bladder.
The transobturator phase begins with the preparation of the surgical path by inserting the tip of Mayo scissors (which is concave outward) between the puborectalis muscle and the ischiopubic branch, the relief of which is marked by bone contact with the scissors tip. A deep layer of triangular ligament is opened with a firm movement that provides access to the anterior extension of the ischiorectal space. The scissors are then opened and removed. Two skin incisions of 3 mm are made in the genito-femoral crease at the approximate level of the clitoral hood. The transobturator passage is tracked by palpation between the thumb and forefinger of the obturator membrane in contact with the ischio-pubic symphysis. The needle is introduced inwards, and punched through the obturator membrane, causing a marked 'jump'. It must then bypass the ischio-pubic branch, and be brought with direct finger guidance, at the level of the proximal part of the TAFP (Fig. 3 ). The mesh arms are then attached to the needles and then retracted from the groin incisions. A second pair of incisions is then made 3 cm inferior and 2 cm lateral to the superior incisions bilaterally. The needles are equipped in the same way as before, and are always introduced inwards. The needle is directed vertically, under finger guidance, to move behind the internal obturator muscle and emerge below the TAPF near its distal insertion, 1-2 cm distal to the ischial spine apically (Fig. 4) . The vaginal finger is used to apply pressure on the levator aponeurosis so that the needle can transfix it. The mesh arms are then attached to the needles and are retracted Figure 1 The polypropylene mesh, with a central part of 4-5 cm and four lateral wings of 12-13 cm long and 1 cm width. In front, the two needles used to make the tract for the mesh. The needle is introduced after a skin incision is made in the genito-crural line at the level of the urinary meatus, controlled by surgeon, below the ischiopubic ramus, punching it through the obturator membrane and externalising it through the vaginal incision (left side). from the incisions. The implant must cover the entire dissected area. The arms are then adjusted and tightened in a tension-free fashion, considering the postoperative retraction of adjacent tissues. The prosthesis is fixed at two points with non-absorbable sutures placed in the pubic insertion of the levator. The portion of the vaginal section is closed by a running polyglactin 1/0 suture with no colpectomy. The procedure is completed by the mesh arms section (Fig. 5) .
After surgery patients received systematic paracetamol (1 g every 6 h). If needed, it was associated with either NSAIDs (ketoprofen 100 mg every 8 h) or, in case of persistent pain, with morphine sulphate. The bladder catheter and vaginal packing were retained for 48 h. If stable, patients were discharged home 4 days after surgery. All patients received antibiotic treatment for 5 days, laxatives for 15 days, and vaginal antiseptics daily for a month. Anticoagulant therapy was given for 3 weeks from the date of surgery. Recommendations for local hygiene and sexual activity were given to patients systematically.
Evaluation of results
For the anatomical results, all patients had a clinical assessment before surgery according to the Baden and Walker stratification of prolapse [7] , and all were reexamined at 4 weeks, 3 and 6 months, and then once a year after surgery. Only patients with stage 0 or 1 prolapse were considered as cured (stage I postoperative cystoceles were considered as physiological).
For the functional results, all patients completed selfadministered questionnaires before and after surgery to assess symptoms, quality of life (QoL) and sexuality. This was repeated each time they were re-examined at the follow-up visits. The questionnaires used were the French equivalents of the Pelvic Floor Distress Inventory (PFDI), Pelvic Floor Distress Impact Questionnaire (PFIQ) and the Pelvic Organ Prolapse-Urinary Incontinence-Sexual Questionnaire (PISQ-12) [8, 9] . All patients had a systematic preoperative multichannel urodynamic assessment with reduction of the prolapse, according to the ICS standard [10] .
When preoperative symptoms were associated with the four most common clinical variables (vaginal globus, pelvic heaviness, dyspareunia and urinary symptoms), the results of surgery were considered as 'excellent', if none of these symptoms were reported after surgery, as 'good' when any of the symptoms persisted, as 'medium' when two symptoms persisted, 'poor' when three symptoms persisted, and 'bad' when all four remained unchanged. An excellent or good result was considered as 'success'.
Subjective outcomes were also assessed using a visual analogue scale (VAS, 0-10 on a horizontal ruler, with 0 = 'very disappointed' to 10 'very satisfied'). Patients responded to the question 'How do you rate the results of the surgery?', thus determining a score for overall satisfaction of 0-10.
Complications
We evaluated intraoperative (occurring during surgery), early and late complications. Early complications were defined as those that developed within 30 days after surgery and late as those observed P30 days after surgery. Clinical data were analysed using the chi-squared test or Fisher's exact test when appropriate for qualitative variables, and Student's t and Wilcoxon tests for quantitative variables, with P < 0.05 considered to indicate statistical significance.
Results
In all, 105 women were included in the study, and their baseline demographic and clinical variables are shown in Table 1 . The four most common preoperative symptoms Figure 4 A second incision is made 3 cm inferior and 2 cm lateral to the superior incision. The needle is equipped in the same way as before, and is introduced inwards under finger guidance (left side). reported were vaginal globus, found in all patients, pelvic heaviness in 99 (94%), dyspareunia in 91 (87%) and urinary symptoms in 86 (82%). These four signs were associated in 85 patients (81%) ( Table 2 ). The correlations between urinary symptoms before surgery and the urodynamic assessment are shown in Table 3 .
All patients had Pstage II cystocele according to the Baden and Walker stratification (Table 3) . When prosthetic transvaginal cystocele repair was used alone the duration of surgery was 27 ± 2.3 min (ranges: 25-45 min). We performed 197 concomitant procedures, including 67 hysterectomies, 10 sacro-spinofixations (Richter procedure), 12 rectocele repairs by interposing a polypropylene prosthesis in the rectovaginal space and 14 by simple pre-rectus fascia plication, 75 perineal plasties associated with posterior levator myorrhaphy, and 19 treatments of SUI (according to clinical and urodynamic exploration) using a tension-free TOT. Patients underwent TOT as a concomitant procedure only when a physical assessment, objective SUI and urodynamic assessment showed urethral hypermobility or sphincter deficiency only. For all other cases (mixed urinary incontinence, bladder hypocontractility, etc.) the management of the urinary incontinence differed after cystocele repair. Suburethral tape was inserted in the same operative time at the end of the cystocele repair procedure, through a distinct vaginal incision, to avoid the risk of its displacement.
The intervention was feasible in all patients, and there were no intraoperative complications, e.g., haemorrhage or organ injury. The mean (SD) postoperative stay was 5 (2.2) days. Antibiotic prophylaxis and heparin therapy were instituted in all patients. The immediate and early postoperative adverse events are shown in Table 4 . There were no postoperative haemorrhages or haematoma. Seven patients had fever on the first day after surgery that regressed spontaneously within 48-72 h, and six had transitory urinary retention. One patient had a postoperative levator myalgia that required short-term treatment with a muscle relaxant and anti-inflammatory agent. There were no postoperative infections of the mesh and no mesh had to be removed secondary to infection or pain.
Late adverse events at a median (range) follow-up of 62 (41-92) months are shown in Table 4 . Eight patients (8%) had a mesh extrusion due to healing defects. This complication occurred at 6 weeks to 4 months after surgery. In six cases local oestrogen therapy was sufficient treatment. In the two other patients surgery was required under local anaesthesia, and involved a minor procedure to excise the exposed mesh (the course was favourable, with no recurrences with a follow-up of >4 years). There was retraction of the prosthesis in six patients (6%), the diagnoses being made clinically by digital palpation in all cases. De novo dyspareunia was reported by two patients (2%) and these patients had an associated posterior repair with mesh. We also report two cases of de novo urinary incontinence (2%) and two of chronic pelvic pain (2%).
At 36 months after surgery all patients were available for a physical assessment and were able to complete both the symptoms and QoL questionnaires; there were no withdrawals during this period. The anatomical cure rate for cystocele was 93%, 43 patients (41%) having no cystocele, and 55 (52%) having a stage I cystocele. There were seven surgical failures (recurrent cystoceles; 7%), all at stage II ( Table 5) . Four of these recurrences were at 3-5 months after the treatment of a post-hysterectomy prolapse. No re-operation was done in these cases and only local oestrogen therapy was prescribed.
There was an improvement in the subjective prolapse symptoms after surgery. A favourable outcome was reported in all patients who had a TOT (no urinary incontinence or other urinary symptoms were reported). All the scores for the QoL and sexuality questionnaires also improved, as shown in Table 6 . The overall satisfaction score (VAS) was 71.4%. Judging the results on the association of the four most common symptoms SUI  29  14  5  0  4  2  2  2  0  Urgency  37  3  0  0  25  0  2  4  3  Dysuria  20  0  0  2  0  0  0  0  18  Normal  19  0  0  2 (14) 25 (24) 39 (37) 18 (17) 36 months after 48 (46) 46 (44) 11 (11) 0 0 Posterior compartment Before 18 (17) 19 (18) 44 (42) 18 (17) 6 (6) 36 months after 25 (24) 72 (69) 9 (9) 0 0 (vaginal globus, pelvic heaviness, urinary symptoms, dyspareunia), the success rate was 72.9%. There was a significant correlation between the success rate and satisfaction score (P < 0.001).
Discussion
The use of mesh in vaginal prolapse surgery combines the advantages of abdominal sacral colpopexy with the low morbidity of vaginal surgery. The transobturator route was described by Delorme [11] in 2001 for the treatment of SUI, and then extended to genital prolapse. It is a minimally invasive surgery where the pelvic fasciae are spared [12] . The obturator foramen provides good security for the surgeon, and thus there is no major nerve or vascular elements in contact with the mesh [13, 14] . Tayrac et al. [15] were among the first to use this route. They used a two-arm mesh, leaving its apical part in contact with the bladder unattached. The mesh could then retract its middle portion, and lead to long-term complications such as exposure, chronic pelvic pain, dyspareunia or recurrence of cystocele. Tayrac et al. [15] reported that the high rate of recurrence in the series could be attributed to this technique. The four-arm mesh technique was first described in 2004 by Palma et al. [16] . The dissection is the same as in the technique using two-arm mesh, and the bleeding risk is not increased. The result is a mesh that covers the whole extent of the bladder [17] . Intraoperative complications of transobturator route are mainly bleeding, and pelvic organ injuries (urethra, bladder, rectum or vagina) are exceptional [18, 19] No intraoperative incident such as haemorrhage or organ injury was reported in the present series.
For the anatomical results several studies have shown the superiority of prosthetic surgery over traditional surgery, with an anatomical cure rate of 75-100% in the former [20] . Recurrence might be due to retraction of the mesh, failure of prosthetic support or to ageing of the patients [19] . We also think that the recurrence of cystocele is connected with a secondary displacement of the mesh. Indeed, mesh integration is a necessary condition for the correction of cystocele, and this is usually obtained in a few weeks. During this period a minimum of displacement is unavoidable. This is why some authors [21] suggest fixing the prosthesis after vaginal dissection with non-absorbable sutures, to cover the defect and prevent dislocation and deformation of the prosthesis. In case of recurrence, the removal of the prosthesis might be necessary and re-operation generally requires a different surgical technique. In the present series the anatomical success rate was 93%, and all recurrences (7%) were at stage II, with no re-operations.
All studies agree that there is a significant improvement in functional symptoms after prosthetic surgery. However, these results are similar to those of traditional surgery [22] . In the present series a significant improvement was reported on most of the subjective prolapse symptoms after surgery. Considering the results for the four most common symptoms, the success rate was 73%, and the overall satisfaction score was 71%.
Sexuality after vaginal prosthetic surgery has been the subject of several studies, with controversial results. The optimal time for sexual assessment should be at 6-12 months after surgery. It should ideally involve the partner, and the results must be considered in relation to the general population of the same age [23] . Khandwala et al. [24] and Eboue et al. [25] used the questionnaire on sexuality (PISQ-12) after surgery. The scores were improved in 22.9% and 24.4%, respectively, and unchanged in 85.7% and 57.8%. Surgery improved dyspareunia significantly in the series of Khandwala et al. [24] (48.1% before vs. 7.4% after surgery). The improvement in dyspareunia was also significant in the present series (86.6% before vs. 11% after). De novo dyspareunia can complicate vaginal surgery even if no meshes are used. Indeed, Carey et al. [26] , in a randomised study comparing functional outcomes between the classic treatment of vaginal cystocele and after interposition of polypropylene mesh, found a significantly higher rate of dyspareunia in the group having a classic colporrhaphy. De novo dyspareunia was reported in 9-20% of patients after the treatment of cystocele with meshes [27] . We reported two cases of de novo dyspareunia (2%). The results of the present QoL and sexuality questionnaires were encouraging for the use of the type of mesh that we chose.
Urinary emergencies are often associated with cystocele. Symptomatic SUI is more associated with moderate prolapse, whilst an important prolapse is more often associated with obstructive phenomena. Eboue et al. [25] , after a follow-up of 34 months, reported a significant improvement in SUI after cystocele was cured with a four-arm transobturator mesh. Long et al. [28] combined a tension-free vaginal tape (TVT) or TOT in patients with SUI. They reported a significant improvement in all urinary symptoms (SUI, urgency and dysuria). They recommended TOT rather than TVT due to the horizontal position of the strip, resulting in less postoperative dysuria. In all the present patients there was a significant improvement in dysuria (20 before vs. two after surgery, P < 0.05) and urinary emergencies (37 vs. 12, respectively, P < 0.05). All patients with SUI were surgically treated by the combination of a TOT and cystocele repair. The improvement in SUI was significant (19 vs . two, respectively, P < 0.05). In our experience we never try to treat SUI by modifying the positioning of the ventral part of the mesh to be at the mid-urethral site, because we consider that the risk of mesh retraction or displacement might influence the outcome of the correction of SUI.
The most serious complication related to mesh is retraction. It can cause failure by restricting support areas, and secondary pain and dyspareunia caused by increased tension on the structures. The frequency of retractions is difficult to assess as there is no clear definition, but it is reported to be 11.7-17% [29] . In the present series the prosthesis retracted in six patients (6%). The retraction mechanism might be linked to several factors that lead to peri-prosthetic fibrosis. The occurrence of retraction depends on the mesh and on the inflammatory process after surgery. Its prevention requires the use of meshes with lighter composite materials. The diagnosis is made clinically or by transvaginal ultrasonography [22, 30] .
The exposure of the mesh is another specific complication of prosthetic surgery. Exposure occurs most frequently during the second month after surgery [21] . It is usually asymptomatic and discovered in the postoperative examination. However, it can cause minimal bleeding or vaginal discharge. The main cause of mesh exposure is colpectomy. Excision of the 'excess' of the vagina is usually done for aesthetic purposes. Vaginal tension sutures cause fragile scarring, increasing the risk of exposure [21] . In addition to colpectomy the type of incision seems to be important, mainly a T-incision (incision of Crossen) for hysterectomy [17] . Sergeant et al. [17] and Eboue et al. [25] also recommended that a 'systematic' hysterectomy not be used when treating genital prolapse. Bafghi et al. [31] proposed a circular incision of the anterior cervix with vesico-vaginal retrograde dissection instead of the conventional vertical colpotomy. Thus the insertion of the mesh is not located next to the incision. These authors [17, 25, 31] reported the following rates of exposure, respectively: 16%, 6.5% and 2%. In the present series the vertical colpotomy and T colpotomy, if associated with hysterectomy, gave an exposure rate of 7.6%. All patients with exposure had a concomitant hysterectomy. Lack of oestrogen also represents a risk factor for mesh exposure, thus some authors recommend systematic local oestrogen therapy before and after surgery [32, 33] . Early sexual intercourse is another risk factor for exposure. Letouzey et al. [19] recommended a period of abstinence of 6 weeks after surgery. The treatment of mesh exposure is based on local oestrogen therapy to improve the trophicity of the vagina, associated with partial excision of the protruding portion of the mesh. However, if conservative treatment fails, surgical revision with total removal of the mesh might be necessary (1.5% of cases in the series of Letouzey et al. [19] ). In the present series local oestrogen therapy was sufficient for six patients, and colpectomy with a partial excision was necessary in two. No patient required complete removal of the prosthesis.
Infections have become exceptional with the new implants. When they complicate an exposure of the mesh, more than half are treated medically. If infection persists beyond 2 months excision of the implant is required [34] . The prosthetic infection rate is 0-8% with or without previous exposure of the mesh [35] . A case of pelvic cellulitis was reported by Flood et al. [36] in 1998, and Cosson et al. [37] in 2005. Myers et al. [38] reported a case of pelvic abscess.
Chronic pelvic pain can also complicate prosthetic surgery. Pain is usually localised on the buttock, or at the groin [39] . Vaiyapuri et al. [40] reported 10.4% of patients had buttock pain and 22.6% had pain in the inner side of the thigh. The pain is due to the passage of the needle through the adductor muscles. Excessive traction on the arm of the mesh can also cause chronic vaginal pain. If pain persists beyond 6 months removal of the prosthesis becomes inevitable. Diagnosis and early treatment are necessary. In case of delay, even after removal of the prosthesis, the pain can persist due to irreversible nerve damage [21] . In the present series one patient reported chronic pain at the inner side of the thigh, but the course was favourable under antiinflammatory treatment.
There are several limitations to the present study. The lack of a control arm and the relatively few patients could affect the statistical results and do not enable us to draw firm conclusions; more randomised studies involving many more patients are needed. We could not have precise data about the severity of SUI before surgery and the outcome of patients with mixed urinary incontinence after cystocele repair. On analysis of the results, demographic factors, which play an important role in recurrences and might explain postoperative complications, were not sufficiently investigated for correlation with the success or failure rates.
In conclusion, if the guidelines and precautions are followed, vaginal prosthetic surgery for genitourinary prolapse has shown long-term benefits. The transobturator route has a special place because of its low morbidity, excellent reproducibility and remarkable efficiency. Guidelines are now well established and involve even large cystoceles of stage III after the failure of other treatment methods. This route provides excellent results both anatomically and functionally. However, complications are not negligible and some are specific to prosthetic surgery. The first choice of mesh is currently the lightweight macroporous monofilament polypropylene mesh, but other materials, including composite and biological meshes are beginning to take their place on the market. Randomised studies comparing these materials with each other and with polypropylene are needed to improve the outcomes and reduce complications.
